Laboratory of Microbial Chemistry, National Research Centre, Dokki, Cairo, Egypt (Received June 18, 1976) With all the media investigated citric acid yield increased with the age of culture of Aspergillus niger 599. The extent of this yield was related to the composition of the medium but not to the mycelial growth or spore formation.
With most media, this was also the case of the extracellular polygalacturonase activity.
No pectin-methylesterase was formed either in the fermentation broths or the mycelia.
The effect of addition of pectin, methanol, or pectin+methanol to the culture media on the production of the metabolites was investigated.
The results indicated a consistent relationship between citric acid production and both extracellular and intracellular polygalacturonase activities in molasses media.
The ratio of extracellular to intracellular polygalacturonase activity varied from one medium to another, and with the age of culture of the same medium.
A great deal of work has been carried out on the production of pectic enzymes. Various fungi have thus been investigated for this purpose (1, 2). Recently, ABDEL-FATTAH and EL-HAWWARY (3) reported on the production of constitutive extracellular and intracellular pectinase activities by 10 fungal strains. The latter authors suggested that these pectinase activities of the same fungal culture were different.
It has been found that pectolytic enzymes are formed during citric acid fermentation by Aspergillus niger strains. Attention has therefore recently been focused on the production of pectolytic enzymes from the fermentation broths as well as from the mycelia remaining after citric acid production (4-6). Most of these studies, however, were concerned with the preparation of these enzymes.
The present work was undertaken to investigate the associated formation of pectic enzymes with citric acid production by Aspergillus Pectin. This was apple pectin, a preparation of Fluka AG, Buchs SG, Switzerland.
Molasses. Refinary cane-sugar molasses was obtained from El-Hawamdia factory, Giza. Before use it was diluted to 30 % with water. Thereafter, mud was removed by centrifugation at 3,000 rpm.
Cultivation. Transfers were made from the subcultures to Dox's agar plates which were then incubated at 30° for 10 days. Cultivation was made in 300-ml Erlenmeyer flasks, each containing 50 ml of sterile medium. In case of media containing methanol, it was added after sterilization. One disc (0.5 cm diam.) was cut from the 10-day-old culture plates and used for inoculating each flask. After incubation for 4 or 10 days at 30°, the culture medium was filtered and its volume adjusted to 50 ml.
Preparation of intracellular polygalacturonase. After each fermentation process, the culture broth was filtered and the mycelium was washed with distilled water. The mycelium was then air-dried for 3 days at room temperature (30°) and cooled in a refrigerator. The dry weight was determined on a part of the mycelium. The cooled mycelium was extracted by grinding in an agate mortar inserted in a cold bath, with cold water (100 ml/g dry mycelium) for 10 min (3). The whole mixture was then filtered through Whatman No. 50 filter paper to obtain a cell-free extract, which was further centrifuged in a refrigerated centrifuge at 4,000 rpm.
Assay for polygalacturonase activity. This was done by measuring the reduction in the viscosity of buffered pectin solution. A mixture of 1.5 ml of the enzyme solution (cell-free extract or culture filtrate) added to 6.0 ml of 0.5 % pectin solution (0.02 M acetate buffer of pH 4.0) was incubated at 40° for 20 min, 5 ml of the reaction mixture was pipetted into an Ostwald viscosimeter in a water bath at 40°, and the time of run was recorded. In control tests, heated enzyme solution was employed. Polygalacturonase activity was taken as the percentage reduction in viscosity per mg protein.
Detection of pectin-methylesterase activity. This was made by using the hydroxamate method of MCCOMB and MCCREADY (7).
Determination of citric acid content. This was done with the culture filtrate using the pyridine-acetic anhydride method of MARIER and BOULET (8).
Estimation of protein content. This was done according to the method of LOWRY et al. (9) .
RESULTS AND DISCUSSION
The data recorded in Table 1 indicate that the mycelial growth in molasses medium varied significantly during incubation, which was not the case when the organism was cultured in a synthetic medium (Table 2) . Generally, the protein content of all the cell-free extracts and culture filtrates varied within a limited range during incubation. However, culturing on molasses media afforded culture filtrates containing higher proportions of protein than those obtained by culturing on synthetic media. On the other hand, in both cases no consistent relationship seemed to exist between the mycelial growth and the protein content of either the cellfree extract or the culture filtrate.
With all the culture media examined, citric acid yield increased with the age of culture.
The extent of this yield was related to the composition of the medium but not to the mycelial growth or sporulation. With most of the media investigated, this was also the case for the extracellular polygalacturonase activity. Conversely, mycelial growth in both groups of culture media had an adverse effect on the intracellular polygalacturonase activity. Furthermore, no correlation seemed to exist between the extent of either the extracellular or intracellular polygalacturonase activity and changes in the protein content of the culture filtrate or the cell-free extract during incubation. Generally, production of citric acid and extracellular polygalacturonase activity was more intensive in synthetic (Table 2 ) than in molasses media (Table 1) . On the other hand, the combined production of both enzymic activities with citric acid, in the absence of pectin, indicated their constitutive nature. These results are in agreement with those reported by many investigators (4-6). On the other hand, the results demonstrated the absence of pectinmethylesterase in any of the enzyme samples investigated.
The effect of addition of pectin, methanol, or pectin+methanol on the resulting metabolites differed according to the composition of the medium and the time of incubation of culture. Addition of pectin and methanol, separately or in combination, to the molasses medium led to increase of citric acid yield (Table 1 ). This was accompanied by increase of extracellular polygalacturonase activity when the molasses medium was supplemented with methanol or with pectin+methanol. In any case, a parallel correlation between the increase of citric acid production and intracellular polygalacturonase activity existed only at 4 days of incubation. On the other hand, increase of citric acid production by the addition of methanol to the cane sugar molasses medium might be due to its role in masking the inhibitory effect of some metallic ions in molasses. A substantial evidence for this might be the non-increase of citric acid production when methanol was added to the synthetic medium (Table 2) . These results are in agreement with those reported by many authors (10, 11). In any case, results of the present investigation indicated a more or less consistent relationship between the production of citric acid and both polygalacturonase activities by Aspergillus niger in molasses media. Although culturing on synthetic media afforded high citric acid yields and good polygalacturonase activities, yet the effect of added pectin or methanol did not provide definite correlation between these metabolites (Table 2) . Furthermore, these results showed that extracellular and intracellular polygalacturonase activities are different. Thus where association of the two activities occurred, their ratio varied not only from one medium to another but also differed for the same medium with the age of culture. These results are in agreement with those reported by ABDEL-FATTAH and EL-HAWWARY (3) for many fungal strains.
